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Matthews, H. R., Meade, J. B, and Evans, C. C. (1974) . Thorax, 29, [343] [344] [345] [346] [347] [348] . Significance of prolonged peripheral vasoconstriction after open-heart surgery. Abnormally prolonged peripheral vasoconstriction has been detected prospectively by means of a toe temperature nomogram in 15 (11-5%) out of 131 patients following cardiopulmonary bypass. This state has been associated with a 53% incidence of hospital death, a detectable pathological cause in all cases, and in seven of the 15 cases it was the first or only evidence of a circulatory disorder. It is apparent that toe temperature monitoring after open-heart surgery gives early warning of a wide variety of potentially serious pathological processes, permitting effective treatment of the underlying cause before irreversible changes occur. It has become an indispensable part of routine postoperative care in our unit and is regarded as the simplest and most effective method of monitoring the circulation currently available.
Measurements of toe temperature after openheart surgery (OHS) have shown that patients without circulatory impairment have a remarkably constant peripheral warm-up pattern as vasoconstriction disappears and the normal vasodilated state is restored. The precise time and temperature limits for this recovery in our unit are defined by a nomogram (Matthews, Meade, and Evans, 1974) which it was hoped would facilitate the early detection and treatment of circulatory impairment following cardiac surgery. This paper reports our prospective experience with the method since January 1973 when it was added to existing regimens for postoperative care.
MATERIALS AND METHODS
Toe temperatures were plotted against the nomogram on 131 consecutive patients after OHS from 1 January 1973. Sixty-eight were male and 63 female with ages ranging from 10 to 65 years. Operations performed were aortic valve replacement (39), mitral valve replacement (39), double valve procedures (20), correction of congenital heart defects (18), saphenous vein aortocoronary bypass graft (10), removal of left atrial myxoma (3), excision of left ventricular aneurysm (1), and pericardiectomy (1).
The methods used with regard to operative technique, postoperative care, and data collection were as previously described (Matthews et al., 1974) . All temperature readings were taken to the nearest 050 and are in degrees centigrade.
RESULTS
One hundred and sixteen patients reached a toe temperature of 340 within the time limits defined by the nomogram. Fifteen patients exceeded these limits by intervals ranging from 1 to 48 hours (mean 75 hours), giving an incidence for prolonged vasoconstriction of 11 5%. The principal features of each case are shown in the Table. POSTOPERATIVE MORTALITY Eight (53%) of the 15 patients with an abnormal warm-up pattern died without leaving hospital. Seven (6%) of the 116 patients with a normal warm-up pattern died without leaving hospital. This difference is highly significant (P<0 001 (x2 analysis)). Hospital mortality for the 131 patients was 11,5%.
Death in the eight patients with an abnormal pattern was due primarily to myocardial failure in three (days 4, 10, 21), respiratory failure in four (days 9, 17, 21, 47) , and cerebral embolism following removal of clot from the left atrium in one (day 2). Death in the patients with a normal pattern was due to respiratory failure in three (days 10, 13, 44), cerebral infarction in two (days 7, 10) Figure 1 is the toe temperature record of G.H., in whom prolonged vasoconstriction led to the discovery of concealed haemorrhage. The patient, a man aged 65, was not on IPPV after aortic valve replacement. During operation the right pleura had been opened and drained. Six hours after operation his pulse, blood pressure, urine output, and general condition were entirely satisfactory, but he had failed to 36- 
34.
32 30-28-2b-24 22 CASE 2 Figure 2 is the record of D.C., in whom prolonged vasoconstriction was caused by circulatory overload. The patient, a woman aged 49, was not on IPPV after closure of a secundum atrial septal defect, with mild pulmonary hypertension. Four hours after operation the toe temperature had risen to 310 but during the next hour it dropped to 290. Blood pressure and urine output were satisfactory at that time. Half an hour later the normal limits of warm-up were exceeded. In view of her age and diagnosis it was thought that she might require a higher filling pressure to restore a normal circulation, and the venous pressure was raised from 7 to 15 cmH2O by transfusion. This failed to produce any improvement. Blood gases and serum electrolytes were normal. In an empirical warm peripherally within the predicted normal limits. As the central venous pressure at this time was only 6 cmH2O it was thought that he might be hypovolaemic and the venous pressure was raised to 10 cmH2O by transfusion. This failed to produce any improvement in the peripheral circulation, suggesting that the initial diagnosis had been incorrect. Blood gases and serum electrolytes were normal, but a second postoperative chest radiograph showed a considerable fluid collection in the right pleura despite the presence of a drainage tube. Chest aspiration revealed liquid blood and a further intercostal tube was inserted; 1500 ml of blood were drained and the patient then warmed tc 340 within 1*5 hours. He was discharged from the intensive care unit on the second postoperative day but was readmitted on the seventh day with a virulent Escherichia coli pneumonia from which he died on the seventeenth day.
attempt to improve the peripheral circulation chlorpromazine (12-5 mng iv) was given but without effect. Myocardial failure was then considered as a possible cause for the persistent vasoconstriction but there was no response to intravenous calcium chloride or isoprenaline. It was then argued that circulatory overload might be responsible for ventricular overdistension, and frusemide (40 mg iv) was given 10-5 hours after operation. Within 1-5 hours 1200 ml of urine was passed and the temperature rose to 34.50. The patient subsequently remained warm and made an uncomplicated recovery. CASE 3 Figure 3 is the record of C.M., in whom a lesser degree of abnormality than those described above was associated with early death from myocardial failure. (2) Prolonged vasoconstriction has pathological causes. Ross, Brock, and Aynsley-Green (1969) showed that it could be caused by hypovolaemia.
This was confirmed in some of these cases, but it is clear that many other causes can produce the same result, including an important group of patients with myocardial failure.
(3) Prolonged vasoconstriction is frequently the first or only evidence of a circulatory disorder. This has been demonstrated in cases 1 and 2 and was seen in seven of the 15 abnormal patients. This finding is not unexpected. In low cardiac output states (whether hypovolaemic or cardiogenic) the skin is a relatively non-vital organ and the cutaneous circulation will be bypassed in order to maintain the circulating blood volume to more essential organs such as the kidney and brain. In some instances this will be sufficient to maintain a normal blood pressure and urine output (that is, 'compensated shock') when only a low toe temperature will give evidence of the operation of a compensatory mechanism. The urine output is conventionally regarded as the most reliable simple index of cardiac output, but after OHS its value is considerably diminished by the fact that many patients have some degree of primary renal impairment and may be oliguric even with a normal circulation. If The toe temperature is also invaluable in indicating when a patient has been adequately transfused. The normal central venous pressure after any operation is simply that which will keep the toes warmer than 34°. Provided this level is maintained there is no benefit and considerable risk in transfusing the patient to a higher venous pressure.
(7) Toe temperature monitoring is in no sense in competition with existing methods of monitoring the circulation. It provides different information. Techniques are now available for continuous measurement of cardiac output by electromagnetic recordings of aortic blood flow (Williams et al., 1972) . Although expensive and invasive, they measure the cardiac output in litres per minute but cannot determine if that output (particularly if low) is sufficient for the individual patient at a specific moment in his recovery. The toe temperature conversely will not quantitate the cardiac output but will indicate whether it is adequate or not for the metabolic needs at the time.
Because 
